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(57) Abstract 

The present invention is in tlie field of optical data media. More particularly, the present invention is directed to an optical medium 
comprising liquid-crystaUine high-molecular vireight material. TTie optical medium according to the invention comprises: a substrate, a 
recording layer, the recording layer comprising a high-molecular wei^t Uquid-crystalline material which is at least partly homeotropicaily 
oriented and a dichroic dye according to formula (1). wherein R» represents an alkyl having 1-6 carbon atoms, phenyl, substituted phenyl, 
benzyl, oxyetfiyl, chloroethyl, cyanocthyl, or part of an alicyclic ring, such as a morpholine. piperidine or pynolidine ring; R2 represents 
die same groups as R< and may be chosen independently ftom R>; represents -H. phenyl, subsdmted phenyl, an alkyl having 1-6 carbon 
atoms. CN. CH. thienyl; n is 0 or 1. Surprisingly, it was found diat these dyes have a very high dichroism and are readily, diough not fully 
OTiented witti the liquid-crystaUine material. Further, they werefound te be readily soluble in various solvents and have lambda maxes ul 
die wavelength area of 780-850 nm (die croconium dyes) or 610-700 ran (the squarilium dyes). 
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OPTICAL RECORDING MEDIUM CONTAINING A THIOPHENE SQUARILIUM 
5 OR CROCONIUM DYE 

The present invention is in the field of optical recording media. More particularly, 
the present invention is directed to an optical recording medium comprising 
liquid-crystalline high-molecular weight material. 

10 Such an optical medium is described in EP-A1-0 608 924. In this document the 
liquid-crystalline material, a liquid-crystalline polymer, is homeotropically aligned, 
and a dichroic dye is co-aligned with the liquid-crystalline material. Because of 
this homeotropic orientation and the presence of the dichroic dye a high contrast 
is obtainable in relatively thin films, and is it possible to read out data via the 

15 difference in absorption. The read out and writing principles will be elucidated 
later. 

However, the dichroic dyes mentioned in the above-mentioned publication were 
found not to be optimally suited for this purpose for several reasons. For one 
thing, the dichroism of the dyes mentioned is not high enough. Other dyes known 

20 to have high dichroisms were found not to be absoriDent in the wavelength area 
of 780-850 nm or 610-700 nm, as is necessary when solid-state lasers emitting in 
these wavelength ranges are used for reading the data. The first wavelength 
range is used for CDs which comply with the CD standard, the latter range is 
used for high density CDs, 

25 Another problem is the poor solubility of the dyes in various solvents, causing 
segregation or crystallisation. All this resulted in optical media of poor contrast or 
with a blurred appearance due to dye segregation. The present invention 
provides an optical medium with improved contrast and without dye segregation. 

30 To this end, the optical medium according to the invention comprises: 

- a substrate, 

- a recording layer. 
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the recording layer comprising a high-molecular weight liquid crystalline material 
which is at least partly homeotropicaliy oriented and a dichroic dye according to 
the following fomiula: 




(formula 1) 

wherein: 

- represente an alkyi having 1-6 carbon atoms, phenyl, 
substituted phenyl, benzyl, oxyethyl, chloroethyl, 
cyanoethyl, or part of an alicyclic ring, such as a 
morpholine, piperidine or pyn^lidine ring, 

- represents the same groups as R^ and may be chosen 
independently from . 

- R^ represents -H, phenyl, substituted phenyl, an alkyI 

having 1-6 carbon atoms. CN, CH, thienyl 

- n isOorl 
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Surprisingly, it was found that these dyes have a very high dichroism and are 
readily, though not fully, oriented with the liquidcrystalline material. Further, they 
v^^ere found to be readily soluble in various solvents. The croconium dyes 
5 according to formula were found to have lambda maxes in the wavelength area 
of 780-850 nm, making them suitable for use in CDs according to the CD 
standard. The squarilium dyes were found to have lambda maxes in the 
wavelength area of 610-700 nm. makiing them suitable for use in high density 
Cds. 

10 

The croconium dyes according to formula 1 are known from DD-A5-294961. 
However, the properties rendering them suitable for use in the optical medium 
according to the invention, i.e„ their extremely high dichroism, their solubility in 
various solvents, and their ability to co-orient with liquid-crystalline material, have 
15 not been acknowledged in this publication. The squarilium dyes are known from 
DD-A5-294962. 

By optical media all types of optical media are meant, such as compact discs 
(CDs, both recordable and rewritable) or digital films. Digital films may have 
20 different shapes, e.g.. tapes, cards, and discs which cannot be read as specified 
by the CD standard. 

By high-molecular weight liquid-crystalline materials are meant liquid-crystalline 
polymers and liquid-crystalline glasses (molecular weight approximately 1000- 

25 2000). Suitable liquid-crystalline polymers are liquid-crystalline polyesters, liquid- 
crystalline polyurethanes, liquid-crystalline polyethers. liquid-crystalline 
polycarbonates, liquid-crystalline poly(meth)acrylates, liquid-crystalline 
) polyimides, liquid-crystalline polyamides and liquid-crystalline polystyrene. 

Particular preference is given to «quid-crystaHine side group polyethers and 

30 liquid-crystalline glasses because of their ready homeotropic orientation, suitable 
transition temperatures, good solubility, and good stability. For further infomnation 
on liquidcrystalline polyethers reference may be had to Netheriands patent 



wo 97/08692 



PCT/EP96/03668 



4 

application No. 9500503, which is incorporated herein by reference for all 
purposes. For further information on liquid-crystalline glasses reference may be 
had to Netherlands patent application No. 9500489, which is also incorporated 
herein by reference for all purposes, ^ 

5 

Ordinarily speaking, a recordable film or CD is made by applying a solution of the 
liquid-crystalline material to the substrate and evaporating the solvent. Suitable 
substrates are PET, PET-ITO, metal, glass, cellulose acetate, polycarbonates, 
polycarbonate-aluminium, silicon, amorphous polyolefins (APOs), PMMA, etc. 

10 Generally, these substrates are provided with a thin layer of metal such as 
aluminium or gold. Preference is given to polycarbonate substrates, particularly 
for CDs, as it is relatively cheap and its properties are within the CD standard. 
APOs also have properties which lie within the CD standard, but these substrates 
are more expensive than polycarbonates. However, polycarbonate is liable to 

15 chemical attack by almost every solvent nomnaily used for applying the liquid- 
crystalline material to the substrate, such as methyl ethyl ketone, 
cyclopentanone, 

etc. Therefore, when use is made of polycarbonate substrates, it is necessary to 
employ a specific solvent for applying the liquidcrystalline material to the 
20 substrate: diacetone alcohol or tetrafuor-1-propanol. A specific advantage of the 
dyes according to formula 1 is their good solubility in diacetone alcohol and 
tetrafluor-1-propano!. Especially the dye according to the following formula was 
found to have a very good solubility in diacetone alcohol: 

25 
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5 



10 



Optical media liaving a dye according to formula 2 are preferred. Wlien otfier 
substrates are employed, the conventional solvents can be used for applying the 
liquid-crystalline material to the substrate. The dyes according to formula 2 were 
found to be soluble in all these solvents. 

In another preferred embodiment of the invention a dye according to formula 3 Is 
present 



This dye was found to have a very suitable lambda max (763 nm) for use in CDs 
which are read with a laser having a -I of 780 nm, which is according to the CD 
standard. Further, this dye proved to be soluble in tetrafluor-1-propanol, which 
makes it suitable for use in CDs on polycarbonate substrates. 



0' 



(formula 2) 




(formula 3) 
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Dyes according to formula 4 as given below were found to have a lambda max of 
662 nm and a dichroism of 6-7, making them pre-eminently suitable for use in 
high density CDs. 



O 




O" 



(fomiula 4) 

The dichroic dyes according to fomiula 1 may be mixed or incorporated 

into the liquid-crystalline material. In the case of incorporation, the R-1 and R-2 

groups must contain a functional group. 

The reading out and writing principles will now be elucidated. When the film or 
CD contains dichroic dye, its orientation will be along the same lines as that of 
the mesogenic groups of the liquidcrystalline glass. The temi dichroic dye refers 
to a dye which in an oriented medium (e.g.. a nematic liquid-crystalline phase) 
will have a dichroic ratio (absorption | /absorption > 1 in the desired wavelength 
range, absorption g standing for the absorption of light which is polarised parallel 
with the orientation direction of the medium, and absorption -B standing for the 
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absorption of light which is polarised perpendicularly. Dichroic dyes, in other 
words, will absorb one polarisation direction of linearly polarised light to a much 
greater extent than the other one. 

In a virgin honneotropically oriented film or CD the mesogenic groups, and hence 
5 the dichroic dye molecules, are oriented perpendicular to the film's surface, and 
there is only low absorption of the incident light by the dichroic dye molecules. (It 
should be noted that the polarisation direction of the light is perpendicular to its 
propagation direction as in many cases the incident light travels perpendiculariy 
towards the film's surface). In the case of local heating or in-adiation (e.g.. with a 
10 laser) of the film or CD to above Tc, the homeotropic orientation is converted into 
an isotropic one. Rapid cooling causes this local isotropic orientation to be frozen 
in. In the case of such an isotropically written trace or pit, the dichroic dye 
molecules will likewise be isotropically oriented, resulting in a substantially higher 
absorption of the incident light In the isotropic state 2/3 of the dichroic dye 
15 molecules -on average- is positioned with the long axis parallel with the CD 
surface (i.e, on average 1/3 along the x-axis of the plane of the film, and 1/3 
along the y-axis ). The polarisation direction of the incident light (either x- or y- 
polarised) is now parallel with the long axis of the dichroic dye molecules, and 
thus a high absorption is realised. 

20 

Writing out data with the aid of a laser requires that the liquidcrystalline material 
be, or be rendered, absorbing in the wavelength area of the writing laser. 
Generally, this is done by blending in or incorporating a suitable dye. Preferably, 
the same solid-state laser (X 780-850 nm or 610-700 nm) is employed for writing 

25 as well as reading. In that case the dichroic dye according to the invention 
absorbs the laser light during writing and creates a difference in absorption during 
reading. Owing to the fact that the dyes according to fomiula 1 are highly dichroic 
but not fully oriented in the liquidcrystalline material, a sufficient amount of laser 
light can be absorbed during writing, and stiil a high contrast is obtained for 

30 reading. 
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Homeotropic orientation of the liquid-crystalline material can be attained in 
several ways: 

5 1. By treating the surface of the substrate with homeotropic orientation inducing 
surfactants. These may be, int. a!., silanes.- higher alcohols, and the like, e.g., 
n-dodecanol and Liquicoat® PA, ex Merck. 
2. By poling the liquid-crystalline layer in a magnetic or electric field. The electric 
field may be generated by corona poling (using a sharp needle or a thin wire 
10 as electrode). There will have to be a counter-electrode on the other side of 
the liquid-crystalline layer (e.g., an iTO-layer. a metal layer, or a conductive 
polymer layer), so that the poling field will be positioned over the liquid- 
crystalline layer. Alternatively, the liquid-crystalline layer can be provided with 
a conductive layer on either side, and an electric field applied thereto. 

15 

Both when homeotropic films are produced by means of a surface treatment and 
in the case of poling, the viscosity and the layer thickness of the liquid-crystalline 
film are of importance. 

20 As described in EP application No. 94203398.6, the contrast of an optical 
medium may be improved by using the Fabry-Perot principle. In this case two 
reflecting layers have to be present of which the one on the substrate side should 
be partially transparent. The thickness of the liquid-crystalline material between 
the two reflective layers must be set carefully, so that the Fabry-Perot is tuned in 

25 the unwritten state and detuned in the written state, or vice versa. The present 
application is also directed to optical media according to the invention wherein 
the contrast has been improved by using the Fabry-Perot principle. 

The invention is fijrther illustrated by the following unlimitative examples. 
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EXAMPLES 

5 The dichroism was determined by measuring the absorption of light polarised 
perpendicular to and parallel with the orientation direction of the film on a 
unifonnly planar oriented film of the dye in a liquid-crystalline medium. 

Example 1 

10 

The dyes according to fomnula 1 were prepared according to the method 
described in DD-A5-294 961, which is incorporated by reference for this purpose. 

A dye was prepared according to fomiula 2 (dye 1), which was found to have the 
15 following properties: readily soluble in both diacetone alcohol and in tetrafluor-1- 
propanol; dichroism 8-9; a -Xmax (DCM) of 798 nm; and e of 230 000 l/mole.cm. 

Example 2 

20 Prepration of a liquid-crystalline glass (LC 1) 
epoxide of cyanobiphenyl (epoxide 1) 

A mixture of 39.0 g (0.20 mole) of hydroxycyanobiphenyl, 100 ml (1.25 moles) of 
epichlorohydrin, and 0.44 g (2.4 mmoles) of benzyl trimethyl ammonium chloride 
was heated to 70'C. Next, a solution of 17 g (0.42 mole) of sodium hydroxide in 
100 ml water was dispensed in 3 hours. Following this addition there was one 
extra hour of stining at 70''C. The reaction mixture was cooled to 20-C, and 200 
ml of dichloromethane were added. The organic layer was separated from the 
aqueous one and washed with, successively, NaCI solution (twice) and water 
(twice). After drying on magnesium sulphate and concentration by evaporation 



25 



30 
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the crude product was converted to the crystallised form from 450 ml of 
methanol. The yield was 38.30 g (76%), 

The epoxide of cyanobiphenyl was used to prepare a liquid-crystalline glass with 
5 3,3 -sulphonyl dianiline. ex Aldrich® (SDA), by the following method: 

A mixture of 1 eq. of SDA and 4 eq. of epoxy 1 was heated for 20 hours under a 
nitrogen atmosphere at a temperature of 130*C. The melt was cooled down and 
dissolved in THF. and the solution of approximately 20% (m/M) was precipitated 
10 in a 10-fold excess of ethanoL The yield was 95 %. The molecular weight was 
1252, the Tg 106/1irC, the Tc 137'C, and the Tm 210X. 

Preparation of a CD-r 

15 A solution of LC 1 and 1 wt% of dye 1 in diacetone alcohol was filtered and 
spincoated at 2000 rpm for 80 seconds on a grooved polycarbonate substrate 
having a thickness of 1,2 mm which was provided with a thin (appr. 8 nm) 
aluminium film. After drying at 40''C for 20 hours in a vacuum oven, the iiquid- 
crystalline material was corona poled in an electric field. The liquid-crystalline 

20 layer was provided with a thick (100 nm) aluminium film by evaporation. The 
X max of dye 1 in LC 1 was found to be 820 nm. 

Example 3 

25 Preparation of a liquid-crystalline polycarbonate (LC 2) 

56,5 g (0.23 mole) 4-Cyano-4'-glycidoxy biphenyl and 5.7 g (0.025 mole) o- 
biphenyi glycidyl ether were dissoMed in 310 ml DMSO. 1.15 (10 mmoie) 
potassium tertbutoxyde was added, and the solution was stirred for four days at 
30 room temperature. 
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The solution was precipitated in 2 I methanol and 5 ml water, after which the 
precipitate was filtered and dried in vacuo at 60X. The yield was 61,8 g. The 
product was subsequently dissolved in 1 ,2 1 
5 CH2CI2, and the solution was extracted with 300 ml water. The organic layer was 
dried over MgS04 and evaporated. The yield was 53,8 g. 

Preparation of a CD-r 

10 A solution of LC 2 and 1 wt% of dye 1 in cyclopentanone was 

filtered and spincoated at 2000 rpm for 80 seconds on a grooved APO substrate 
having a thickness of 1.2 mm which was provided with a thin (appr, 8 nm) 
aluminium film. After drying at 40 for 20 hours in a vacuum oven, the liquid- 
crystalline material was corona poled in an electric field. The liquid-crystalline 

15 layer was provided with a thick (100 nm) aluminium film by evaporation. The 
X max of dye 1 in LC 2 was found to be 820 nm. 

Example 4 

20 A dye according to formula 3 was prepared by the method described in DD-A5- 
294 961. Said dye was found to have the following properties: a X max (TFP) of 
763 nm, ???? 

Example 5 

25 

A dye according to formula 4 was prepared by the method described in DD- 
294962. Said dye was found to have the following properties: a X max (DCM) of 
662 nm, e of 370 000 l/mole.cm, D of 6-7. 
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CLAIMS 

1 . Optical medium comprising: 

- a substrate, 

- a recording layer, 

the recording layer comprising a high-molecular weight liquid crystalline 
material which is at least partly homeotropically oriented and dichroic dye 
according to the following formula: 




o" 



(fonnula 1) 

wherein: 

- represents an alkyi having 1-6 cartson atoms, phenyl, 
substituted phenyl, benzyl, oxyethyl, chloroethyl. 
cyanoethyl. or part of an alicyclic ring, such as a 
morpholine, piperidine or pyrrolidine ring, 

- R represents the same groups as R and may be chosen 

independently from R^ , 

- R^ represents -H. phenyl, substituted phenyl, an alkyI 

having 1-6 carbon atoms. CN, CH, thienyl 

- n isOorl 



wo 97/08692 



PCT/EP96/03668 



13 

2. Optical medium accx>rding to claim 1 wlierein the liquid-crystalline material 
is a liquid-crystalline polymer. 

5 3. Optical medium according to claim 1 wherein the liquid-crystalline material 
is a liquid-crystalline polymer glass. 

4. Optical medium according to claim 1 wherein the substrate is made 
of polycarbonate. 

10 

5. Optical recording medium according to claim 4 wherein the 
dichroic dye has the following fomnula: 




(formula 2) 

6. Optical recording medium according to any one of claims 1-3 wherein the 
20 dichroic dye has the following formula: 
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(formula 3) 



7. Optical recording medium according to claim 4 wherein the 
dichroic dye has the following formula: 



O 




(formula 4) 

8. Optical recording medium according to any one of the preceeding claims 
wherein two reflecting layers are present on each side of the liquid- 
crystalline material, and the reflecting layer on the substrate side is partially 
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transparent, and wherein the thickness of the liquid-crystalline material 
between the two reflective layers is set so that the Fabry-Perot is tuned in 
the unwritten state and detuned in the written state, or vice versa. 
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